Introduction
In 2012 Brazil harvested about 50 million bags of coffee, with this production concentrated in the southeast of the country, highlighting the States of Minas Gerais, Espírito Santo and São Paulo, which together account for over 88% national production. The Brazilian coffee production is one of the most competitive worldwide, placing the country first on the world ranking of production and export of grain (CONAB, 2012) .
Before an increasingly demanding market, the search for quality is nowadays a major concern in several production segments and especially in the coffee agribusiness. The quality is essential for the product to gain market and meet the new requirements of internal and external consumers. Given this, the Brazilian producer should specialize in producing a high quality coffee if wants to engage a profitable coffee production.
In this context, besides maintaining the quality potential of the newly harvested coffee, the washing and wet processing in which the coffee is submitted to peeling, washing and degumming or partial removal of the mucilage before drying, reduce the energy cost of the process. Despite of all advantages, washing and wet processing of coffee fruits generate large volumes of wastewater, with high pollution potential, requiring a previous treatment before the discharge into water bodies .
Several researches (BELLO-MENDOZA; CASTILLO-RIVERA, 1998; BRUNO; OLIVEIRA, 2008; FIA et al., 2010a; PRADO; CAMPOS, 2008; SILVA et al., 2010; SILVA et al., 2011) have focused on the treatment of this wastewater using anaerobic systems, which have the advantage of requiring a smaller area. Nevertheless, although anaerobic treatment processes present large removal of biodegradable organic matter, with relatively low cost, their effluents have not met the requirements of environmental legislation, requiring thus a posttreatment. As an alternative of post-treatment of effluents from anaerobic reactors, researchers have reported and proposed the use of constructed wetlands (BRASIL et al., 2005; FIA et al., 2010b; SOUSA et al., 2004; SOWMEYAN; SWAMINATHAN, 2008) .
In this way, the present study aimed at evaluating the performance of treatment systems made up by anaerobic filters followed by constructed wetlands, subjected to different organic loads, in treating wastewater from processing coffee cherries.
Material and methods
The experiment was conducted in the Department of Agricultural Engineering, Federal University of Viçosa (UFV), Viçosa, Minas Gerais State, at geographical coordinates 20º45'S and 42º52'W, and mean altitude of 650 m above sea level. According to Köppen classification, the climate is Cwa type, high altitude tropical climate, with rainy summer and dry winter.
Three anaerobic filters were made up of PVC pipes (0.35 cm diameter and 1.5 m length) with total capacity of 135.5 L ( Figure 1A ). These units were filled with support media (granite-gnaisse crushed stone #2), forming 1.0 m height columns above the false bottom, which was 0.2 m distant from the bottom. As inoculum, it was used 50 L sludge from the anaerobic tank for treating swine wastewater of the UFV.
The effluents of the three filters (F 1 , F 2 and F 3 ) were released into three respective CW (CW 1 , CW 2 and CW 3 ) of horizontal subsurface flow, constructed on a pilot scale, consisting of wooden boxes (0.4 m height x 0.5 m wide x 1.5 m long), waterproofed by high density polyethylene (HDPE) geomembranes placed on 0.01 m m The system was operated at room temperature and evaluated for 130 days, between June and October, and divided into three operating phases (42, 46 and 42 days, respectively) .
In the starting period of the system, also called first phase of operation, filters were fed simultaneously with the same influent (diluted WCP, in which the pH was adjusted with lime (Ca(OH) 2 ) to values close to 7.0). From the second phase, there was a differentiated increase in the organic load applied to the filters, taking as reference the chemical oxygen demand (COD). The application of the WCP into the F 1 and F 2 was made in diluted form, in the proportions of 50 and 75% (v/v), respectively, while the F 3 received WCP without dilution, maintaining constant the hydraulic retention time (HRT).
From the second phase, in addition to pH correction, it was performed the nutrient correction of the WCP, by using urea and simple superphosphate, to achieve the ratio 100/5/1 between biochemical oxygen demand, nitrogen and phosphorus (BOD/N/P) (METCALF; EDDY, 2003) . On the third phase, the same proportions of WCP was kept in the feeding of the three filters, but increased approximately twice the HRT of the filters and of CW.
Mean values and standard deviation of the operational characteristics of the anaerobic filters and of the CW are listed in the Table 1 .
Once a week influent and effluent samples were taken from the filters and effluents of the CW for evaluating the pH; BOD, by the iodometric method; COD, by the open reflux method; and total solids (TS) and total suspended solids (TSS), by the gravimetric method (APHA; AWWA; WEF, 2005) . The temperature of the liquid was measured daily with an analog mercury thermometer.
A completely randomized design was adopted with three systems (F + CW) and three phases and with a number of repetitions equal to the number of samplings. Then an analysis of variance was performed, being the mean values compared by a Tukey's test at 5% probability. For all analyses it was used the statistical package SAEG ® (RIBEIRO JÚNIOR, 2001 ).
Results and discussion
The system operated at room temperature that varied between 3.4 and 36.1ºC. In the phases I, II and III, average daily temperatures of the liquid were 17.6, 18.4 and 20.4ºC, being this temperature range considered psychrophilic for microorganisms.
The anaerobic digestion within the psychrophilic range (0 -20°C) is interesting for treating wastewater that have as intrinsic characteristic low temperature or liquid effluents produced in period of low temperatures. The rise in the temperature of effluent produced under psychrophilic conditions for mesophilic or thermophilic conditions and its maintenance in these conditions imply in energy expenditure and consequently higher costs of treatment (LETTINGA et al., 2001 ). However, under low temperatures there is need of a longer retention time of biomass, reactors with larger volumes, and lower concentrations of organic matter. Variations in wastewater temperature may also affect the performance of treatment in CW, where biological processes are highly dependent on the temperature, affecting the removal of soluble organic matter and nitrogen (KADLEC; WALLACE, 2008) .
In relation to rainfall events, during the experimental period it was only registered a rainfall of 15.4 mm, on the 121 st day after starting the experiment, which was not able to influence the results, regarding the increase in volume of the effluent under treatment, and consequent dilution, which could lead to lower concentrations of effluents of the systems.
In the Table 2 are presented the mean values of pH, COD, BOD, TS and TSS influent to the system (C1, C2 and C3) and effluent from the filters (F 1 , F 2 and F 3 ) and from the CW (CW 1 , CW 2 and CW 3 ) and in the COD in first stage UASB reactor and have attained removal efficiency for COD of 55%. However, these authors worked in laboratory, an environment less susceptible to climatic variations. Therefore probably they achieved greater organic matter removal efficiency even with larger OLRs, compared with those evaluated in the present study.
With increased organic load applied in the phase II, there was a reduction in mean removal efficiency for BOD and COD in the systems F 2 +CW 2 and F 3 +CW 3 . Bello-Mendoza and Castillo-Rivera (1998) obtained a drastic reduction in the efficiency of anaerobic reactor (22%) when increased the OLR from 1.89 to 2.59 kg m -3 day -1 COD. Nevertheless, no efficiency reduction was observed for the F 1 +CW 1 . Variables  I  II  III  I  II  III  I  II  III  COD  55A  70A  85A  57A  40B  75B  59A  22B  32C  BOD  57A  73A  86A  57A  12B  61B  65A  6B  39B  TS  28A  67A  52A  38A  56A  62A  21A  50A  45A  TSS  63A  67A  72A  81A  74A  24B  66A  67A  1C For the same variables, within the column of each phase, means with the same capital letter are not significantly different by Tukey's test at 5% probability.
Despite increased organic load in F 1 +CW 1 , the applied values probably were not enough to destabilize the system. In treatment units adapted to the effluent to be treated, the increase in organic load leads to increased removal rates of organic matter. Jing et al. (2002) in the treatment of domestic sewage in CW, found a relationship close to linearity between the increase in load (62 -149 kg ha There was a trend of recovery of treatment systems in the phase III and this was due to increased HRT and consequent reduced OLR applied. Moreover, a reduction in COD of WCP used to feed the filters was observed, due to the period of storage.
During the third phase, the F 1 +CW 1 presented mean removal efficiency for COD and BOD considered reasonable for systems with high load and under psychrophilic conditions and statistically different from the others (p < 0.05). Brasil et al. (2005) used CW in the treatment of domestic sewage pre-treated in septic tank and registered a mean removal efficiency for COD of 87%. Meanwhile, organic loads applied to CW were much lower than in this study, being the mean equal to 285 kg ha -1 day -1 COD. Fia et al. (2010b) obtained lower removal efficiency for COD (58 and 79%) and BOD (38 to 71%) in treatment systems of WCP made up by anaerobic filter followed by CW cultivated with oat and ryegrass, despite the lower organic loads applied by these authors (1.9 to 4,9 kg m COD, approximately) is the maximum organic loading rate to be applied in SACs without inhibiting the microbiota. The authors concluded that an increase in HRT could lead to enhanced organic matter removal efficiency of wastewater.
During the phase I, by being a period for system adjustment, there was a drag of sludge both by flow instability and greater amount of microbial cells not attached to the support material. A higher turbulence causes a greater displacement and removal of the biofilm, implying in greater content of solids in liquid phase and probably greater content of extracellular polymeric substances.
The loss of solids, observed in the three phases, can also be justified by the wash out of biomass, owing sudden hydraulic variations and lower settling of solids, under low temperature, since the fluid viscosity remains high, resulting in slower sedimentation of the produced biomass, especially microorganisms with suspended growth (LETTINGA et al., 2001) .
Values higher than obtained herein were observed by Bruno and Oliveira (2008) who obtained between 70 and 91% of removal of TSS in the first stage UASB reactor. According to Lettinga et al. (2001) , anaerobic filters have reasonable performance as for removal efficiency of suspended solids, when applied small solids loadings.
A remarkable reduction was detected for the TSS concentration in the ARC discharged in the treatment system, caused by the addition of lime, which led to coagulation/flocculation of the suspended particulate matter, promoting the sedimentation of these particles and consequent clarification of the WCP. On the third phase, the reduction in the solid removal efficiency in some systems can be caused by the saturation of the system, and also due to the cutting of the plants grown in the CW, which may have caused the senescence of the root system and carried to outside the system (FIA et al., 2008) .
In agreement with Brasil et al. (2005) , part of the suspended solids is incorporated to the microbial mass developed in the medium, and other part is accumulated in the CW, and probably the solids remaining in the effluent are not part of those discharged in the system, but certainly are material converted or produced in the medium. The decrease in solid removal efficiency over time can be related to decay of the accumulated organic matter which, as reported by Bavor et al. (1989) , has seasonal cycle in processes of accumulation and release of solids. Fia et al. (2010b) when using anaerobic filters followed by CW cultivated with oat and ryegrass obtained between 8 and 44% of TS and between 70 and 85% of removal for TSS. Similarly to that observed in most systems evaluated in this study, the system F+CW evaluated by Fia et al. (2010b) also presented greater removal efficiency of TSS compared with removal efficiency of TS.
The system F 1 +SAC 1 achieved in the phase III, a mean removal efficiency for COD and BOD above 85%, which meet the environmental legislation for disposal of effluents into water bodies, once it does not change the quality of the receiving water body (COPAM, 2008) . However, this is the first study using systems composed of anaerobic filters followed by CW in the treatment of WCP and the results are very promising, especially those obtained with F 1 +CW 1 . Previously, only studies related to anaerobic digestion and discharge of this water in the soil could be found in literature.
The results of the present study emphasize the need to increase the HRT of systems, to increase the organic matter removal efficiency and consequently produce effluents with conditions to be disposed in the environment, since it is not allowed the dilution of wastewater to favor its treatment.
Once the WCP used in this study came from the processing of coffee cherries with recycling of wastewater in the process, the values of organic matter were relatively high, implying in longer times of hydraulic retention for satisfactory removal of the organic content and consequently in greater units for treating. A set of systems evaluated herein (F 1 +CW 1 , for instance) could treat around 30 L WCP per day or approximately the WCP produced in the processing of 12 L fruits. In this way, further researches should be conducted in order to obtain design parameters for wastewater treatment.
Conclusion
The hydraulic retention times exceeding 160h, during the phase III, have promoted greater removal efficiencies for COD and BOD, when compared with hydraulic retention times of approximately 90 hours, except for the system F 3 +SAC 3 .
The hydraulic retention time of approximately 160 hours was not enough for F 2 +CW 2 and F 3 +CW 3 to produce effluents that meet standards for disposal in water bodies, according to the environmental legislation of the Minas Gerais State.
The system F 1 +CW 1 that received the smallest organic load, presented a satisfactory performance relative to organic matter removal, reaching 85 and 86% of removal for BOD and COD.
